InTroduCTIon
Central serous chorioretinopathy (CSC) is a disorder characterised by serous retinal detachment (SRD) and/or retinal pigment epithelial (RPE) detachment at the posterior pole. The overall incidence of the disease is 5.8 per 100 000 people in a population-based study, with approximately six times higher incidence in men than in women. 1 CSC is generally benign and self-limiting. The majority of patients with acute CSC achieved resolution spontaneously in 3 months, 2 and 25% of patients have subretinal fluid (SRF) resolution at 2 months during the natural course of CSC, 3 so observation is often the first-line therapy in acute CSC for ophthalmologists. Recurrence cannot be avoided whether treated or not. 4 5 Cases that do not resolve spontaneously may turn into chronic CSC.
The exact pathogenesis of CSC is not clear so far. Choroidal vascular abnormality, including choroidal vascular hyperpermeability and choroidal vascular dilation, was demonstrated by indocyanine green angiography. 67 Increased choroidal thickness was detected by the application of enhanced depth imaging optical coherence tomography (EDI-OCT) in patients with CSC. 8 9 These findings further illustrated the hypothesis that choriocapillaris hyperpermeability resulted in the occurrence of CSC. 10 Endogenous and exogenous corticosteroids are associated with the development of CSC. However, the exact mechanism of corticosteroids is not clear in the pathogenesis of CSC. 11 Recently, Zhao et al demonstrated that mineralocorticoid receptor (MR) is expressed in ganglion cells, cells of the inner nuclear layer and retinal Müller glial cells (RMGs) in rat eyes. Aldosterone controls retinal fluid homeostasis through upregulating the ion and water channel, which is expressed in the apical region of RMGs. 12 Subsequently, they proved that aldosterone could increase the expression of the channel KCa2.3, which was related to vasodilation and expressed only in the endothelium of choroidal vessels. Zhao et al 13 proposed a novel pathogenesis that excessive activation of MR signalling pathway induced dilation and leakage of choroid vessels, resulting in thickening of choroid, leading to the occurrence of CSC. Based on this assumption, a series of studies that reported the use of MR antagonist (MRa) in patients with chronic or recurrent CSC showed encouraging results, including anatomical and functional improvement, proposing that MRa may be a novel treatment for patients with CSC with persistent SRF.
14-24 So we proposed that oral spironolactone may also be more effective in treating patients with acute CSC with a faster absorption of SRF than the natural course. The aim of this study is to evaluate if oral spironolactone will contribute to shortening the episode duration in patients with acute CSC.
study design
This was a prospective, randomised and controlled clinical study. From January 2015 to January 2016, we recruited 30 eyes of 30 patients who were diagnosed with acute CSC at the Department of Ophthalmology of The First Affiliated Hospital of Nanjing Medical University, China. The study stuck to the tenets of the Declaration of Helsinki. The study's clinical trial registration number is ChiCTR-IPR-16008428.
study subjects
Inclusion criteria were as follows: (1) Thirty eyes were randomly assigned into two groups: the experimental group, in which patients were treated with oral MRa (spironolactone 40 mg orally, twice daily) for 2 months, and the control group, in which patients were observed without any treatment. Eighteen eyes were enrolled in the MRa group and 12 eyes were enrolled in the observation group.
baseline and follow-up
At baseline, a complete ophthalmic examination, including best corrected visual acuity (BCVA), slit lamp biomicroscopy, fundus fluorescein angiography (FFA) (Heidelberg HRA; Heidelberg Engineering, Heidelberg, Germany) and EDI-OCT (Cirrus HD-OCT; Carl Zeiss Meditec, Dublin, California, USA), was performed. Blood pressure (BP), serum potassium level and serum aldosterone level were also tested before inclusion. At 1 and 2 months, BCVA and EDI-OCT were performed again. In the MRa group, if the patients showed hyperkalaemia, hypotension or other intolerable complications of the drug, the treatment was stopped. The central macular thickness (CMT) was provided automatically using the macular thickness map measured by OCT. The height of SRF (SRFH) was measured manually between the outer segment line and the RPE layer at the foveal centre. The subfoveal choroidal thickness (SFCT) was measured manually between the RPE layer and the inner surface of the sclera. The mean values of measurements of SRFH and SFCT from the two independent experienced observers (YS and WF) were obtained for further analysis.
statistics
Snellen BCVA was converted to a logarithm of the minimum angle of resolution (logMAR) for statistical analysis. Data are presented as mean±SD. All data were analysed by SPSS V.20.0. Variables before and after treatment were compared using the Wilcoxon signed-rank test in each group. Fisher's exact test was used to compare differences in gender, the number of patients with leakage point in FFA and the rate of complete resolution of SRF between the two groups. The Mann-Whitney U test was used to compare BCVA, CMT, SRFH and SFCT between the two groups. A p value <0.05 was considered statistically significant.
resulTs

Patient demographics and clinical characteristics
In this study, a total of 30 eyes (18 eyes, MRa group; 12 eyes, observation group) in 30 patients with acute CSC were enrolled and randomised into two groups. The mean ages in the treatment group and the control group were 43.33±8.22 years and 44.42±8.91 years (mean±SD), respectively (p=1.000). The male-to-female ratio between the two groups also did not demonstrate a significant difference (p=1.000). Duration of symptoms was 3.42±2.69 weeks in the MRa group and 3.21±1.53 weeks in the observation group (p=0.662). The aldosterone level was 226.04±147.97 ng/dL in the MRa group and 158.50±103.44 ng/dL in the control group (p=0.087). The number of patients with leakage point in FFA was 16 in the MRa group and 11 in the control group (p=1.000). Baseline BCVA (logMAR), CMT, SRFH and SFCT were not significantly different between the two groups (p=0.787, p=0.439, p=0.602 and p=0.602, respectively). The baseline demographic characteristics of both groups are summarised in table 1.
best corrected visual acuity
The mean BCVA (in logMAR) at baseline, 1 month and 2 months in both groups is shown in table 2 and figure 1. In the treatment group, the mean BCVA was 0.25±0.18 at baseline, 0.14±0.15 at 1 month and 0.05±0.09 at 2 months. The BCVA significantly improved gradually compared with baseline in 1 and 2 months (p<0.05 and p<0.01, respectively). The mean BCVA of the control group was 0.25±0.22 at baseline, 0.19±0.20 (p=0.197) at 1 month and 0.14±0.18 (p<0.05) at 2 months. The BCVA significantly improved only in 2 months in the observation group. However, there was no significant difference in BCVA between the two groups at baseline (p=0.787), 1 month (p=0.645) and 2 months (p=0.124).
Central macular thickness
The mean changes of CMT at baseline, 1 and 2 months in both groups are summarised in table 2 and figure 1. In the MRa group, the mean CMT decreased significantly from 535.67±116.94 µm at baseline to 354.88±108.64 µm at 1 month (p=0.001), and to 248.72±45.58 µm at 2 months (p<0.001). The mean CMT in the observation group was 501.33±149.39 µm at baseline, which also decreased significantly to 401.36±125.33 µm at 1 month (p<0.05) and to 307.33±95.42 µm at 2 months (p<0.05). No significant difference was observed in mean CMT between the two groups at baseline and 1 month (p=0.439 and p=0.422, respectively). There was a significant difference in the mean CMT between the two groups at 2 months (p<0.05). 
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subretinal fluid
Two eyes in the treatment group showed no existence of SRF and none of the observation group showed complete regression of SRF at 1 month. Complete resolution of SRF in the MRa group and the control group was achieved in 55.6% (10/18) and 8.3%
(1/12) of the eyes, respectively, at 2 months (p=0.018). figure 1 . Changes of macular maps and OCT of four patients with CSC at baseline and at 2 months are shown in figure 2 .
subfoveal choroidal thickness
Mean SFCT measurements at baseline and during the follow-up period are summarised for both groups in table 2 and figure 1. The mean SFCT in the control group was 480.33±102.38 µm at baseline, and decreased slightly to 463.75±100.63 µm at 2 months. However, the change from baseline was not significant (p=0.195). In the treatment group, the mean baseline SFCT significantly decreased from 502.50±87.38 µm to 456.00±81.11 µm at 1 month (p=0.000) and 427.44±74.37 µm at 2 months (p=0.000). However, no significant difference was observed between the two groups at baseline and at 1 and 2 months (p=0.602, p=0.942 and p=0.215, respectively).
safety
At each visit, none of the patients in the treatment group developed serious ocular or systemic side effects related to spironolactone, such as hyperkalaemia or hypotension. 
dIsCussIon
The course of CSC is very variable. According to its clinical course, CSC can be classified into acute CSC or chronic CSC. The acute form is characterised by the presence of SRD, clinically detectable on fundus examination and on OCT, with limited focal or multifocal RPE alterations that may be limited to small pigment epithelial detachments, and leakage through the RPE on FFA. The SRD usually resolves within 3-4 months, leaving in most cases no long-term symptoms, except colour discrimination defects in some patients. 25 Chronic CSC represents approximately 5% of CSC cases 26 and is characterised by areas of widespread diffuse RPE pigmentary abnormalities, including RPE atrophy which can be severe enough to cause geographic atrophy, pigment clumping in the posterior pole and chronic shallow SRD. 27 Although CSC is generally self-limiting, some patients may have a strong desire for recovery from disease. To shorten the duration, treatments for acute CSC including conventional LP, PDT and anti-VEGF injections are performed by ophthalmologists. However, there are some drawbacks. LP shortens the course of CSC about 2 months but has no effect on the final visual improvement, 28 29 and it may induce scotoma, declined contrast sensitivity, RPE atrophy and choroidal neovascularisation. 28 30 31 Although PDT with half-dose verteporfin in treating acute CSC shows better BCVA, faster SRF resolution and higher retinal function than placebo, 32 33 complications such as RPE atrophy, choriocapillary ischaemia and secondary choroidal neovascularisation have also been reported. 34 35 A meta-analysis shows that anti-VEGF injection shortens the duration and shows better BCVA early, but the benefits no longer existed at 3 and 6 months after injection. 36 Besides, the role of VEGF playing in the pathogenesis of CSC remains uncertain.
The underlying mechanism of action of MRa for treatment of CSC is postulated to be the overaction of MR pathways. Previous studies [14] [15] [16] [17] [18] [19] [20] [21] [22] have used the MRa to treat patients with chronic or recurrent or refractory CSC, confirming a positive influence in most cases, a decrease of SRF and CMT, and also improvement or stabilisation of BCVA. The complete resolution differed from each other due to different treatment methods, which achieved 25%-67%. These patients were administrated with eplerenone or spironolactone or both drugs sequentially with a dosage of 25-100 mg/day. In our study we treated 18 patients with acute CSC with a dosage up to 80 mg/ day, similar to other studies. A decrease in SFCT has been previously observed after the therapy, further illustrating the role of choroidal vasculature in central serous chorioretinopathy pathogenesis. 19 20 22 23 Although spironolactone has a 20-fold higher binding affinity for the MR in vitro than eplerenone, it is associated with progestogenic and antiandrogenic adverse effects because of the similar structure to the progesterone. 37 Kapoor and Wagner 21 reported that there was a statistically significant increase in the incidence of side effects with spironolactone than eplerenone. Struthers et al reported that eplerenone costs between six and seven times more than spironolactone. 38 Daruich et al and Kapoor and Wagner observed no difference when evaluating the efficacy of eplerenone and spironolactone in treating chronic CSC, 19 21 and Pichi et al 39 reported that spironolactone was statistically superior to eplerenone in improving BCVA of patients with chronic CSC. Taking the cost, the affinity and the efficacy into account, we used spironolactone rather than eplerenone as the MRa to treat acute CSC in this study. Considering that the patients have a duration of at least 0.5-1 month when they come to see the doctor, the cases may turn into chronic CSC if SRF cannot achieve complete resolution after 2 months of treatment, we selected 2 months as the follow-up time in the principle of the human subject protection. Previous reports have used MRa to treat patients with acute CSC, but the efficacy is difficult to distinguish from spontaneous recovery. 17 21 24 To differentiate the efficacy of spironolactone from the natural course of the disease, this study included a control group in which patients were observed without any treatment.
The rate of complete resolution was higher in the MRa group than in the control group at 2 months (56.6% vs 8.3%, p<0.05), which confirmed quicker improvement in the treatment group than in the control group. Prior studies showed that the SRF achieved complete absorption an average of 8-10 weeks after the LP. 40 41 Chan et al 32 reported that 79.5% of patients with acute CSC had complete resolution of SRF at 1 month in a randomised controlled trial. Although the cure rate of LP and PDT is superior
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to that of our study, oral MRa has some advantages. First, it works on the entire retina rather than the specific regions. Second, it is a non-invasive intervention and has no damage to the retina. Third, it directly aims at the possible pathogenesis of CSC. Dang et al 42 reported the cure rate of the control group (n=26) in 1 and 2 months was 15.4% and 34.6%, respectively. Ozkaya et al 43 reported that 14.2% and 25.9% of the 77 patients with acute CSC achieved complete resolution at 1 and 3 months. In our study, the cure rate of the control group at 2 months was relatively low, and this may be due to the small sample size. Daruich et al 3 reported that 25% of patients achieved complete resolution at 2 months. But the BCVA of the patients in their study was better and the duration was shorter. The lower rate of resolution in our control group could be related to the worse BCVA and longer duration.
The BCVA improved in the treatment group at each visit, but it showed significant difference only at 2 months in the observation group, probably because of the relatively slow rate of absorption. However, there was no difference between the two groups, and this may be due to the relatively good vision in patients with acute CSC. A significant decline in CMT and SRFH was observed in both groups. The mean CMT and SRFH were smaller in the treatment group at 2 months (p<0.05). In our report, we also could see the significant decline of SFCT after oral MRa, while the control group did not show significant reduction, and this may remind that MRa was effective in the treatment of CSC and the spironolactone influenced the change of the choroidal thickness.
Previous studies have reported the side effects of spironolactone, including fatigue, dizziness, gastric pain, gynaecomastia, BP fluctuation, hyperkalaemia and so on. All the reported complications resolved after treatment interruption or switch from spironolactone to eplerenone. 16 19 21 In our study, none of the patients in the treatment group developed any side effect, and this may be because of the relatively short treatment time. In general, the drug seems well-tolerated by patients with CSC.
There were several limitations in our study, including the small sample size, and the follow-up period of only 2 months which was too short to assess the long-term safety and efficacy of MR antagonism for the treatment of acute CSC and the recurrence rate. Larger, prospective, randomised controlled clinical trials should be further investigated with longer follow-up period.
ConClusIon
Our findings showed that oral spironolactone may achieve a faster absorption of SRF than observation in treating patients with acute CSC. About half of the eyes in the treatment group achieved complete absorption of the SRF in the short term without any side effects. MR may play an important role in some but not all patients due to the multifactorial disease. Our results may help to guide early interventions to acute CSC to achieve faster recovery for the clinicians while the patients refuse to have invasive treatment or refuse to receive no intervention. A medication guide about treatment with oral MRa should be provided to all patients with CSC in the future.
